Augmented expression of gamma-glutamyl transferase 5 (GGT5) impairs testicular steroidogenesis by deregulating local oxidative stress.
An increasingly pro-oxidant environment has been widely implicated in causing dysfunction of testicular steroidogenesis, but little progress has been made in understanding the underlying molecular mechanism. Here, we report that gamma-glutamyl transferase 5 (GGT5), a key metabolism component responsible for the catalysis of important anti-oxidant glutathione (GSH), is predominantly expressed in mammalian Leydig cells (LCs). Deregulated GGT5 expression negatively correlates with testosterone deficiency in the testes of type 2 diabetic mice. Consistently, overexpression of GGT5 potentiates the susceptibility of TM3 LCs to spontaneous oxidative stress during luteinizing hormone (LH)-stimulated steroidogenesis. From a mechanistic standpoint, the deleterious effect of GGT5 overexpression on testicular steroidogenesis may stem from an alteration of the local redox state because of GSH deficiency. The above-mentioned response might involve the impairment of extracellular signal-related kinase activation mediated directly by oxidative injury or indirectly by abnormal P38 activation, which in turn inhibits steroidogenic acute regulatory protein abundance in mitochondria and thus significantly sabotages the rate-limiting step during LH-induced steroidogenesis. Alternatively, GGT5 overexpression induces heme oxygenase 1 (HO-1) expression, which, as a key catalyst responsible for the oxidative degradation of heme, may inhibit the activities of the cytochrome P450 monooxygenases, thus substantially impairing testicular steroidogenesis. These results, coupled with the differential roles of mitogen-activated protein kinases and HO-1 signaling in spermatogenesis, lead us to propose a model in which a delicate balance between these two pathways modulated by the GGT5/oxidative stress cascade plays a central role during LH-stimulated steroidogenesis.